Abstract-In the above paper, 1 an example is given, showing that the LQ controller gives an arbitrary small gain margin with respect to variations of the open-loop plant. As a remedy, a dynamic-state feedback is proposed which is claimed to give an arbitrary large gain margin. This is incorrect. In fact, the proposed dynamic state feedback controller does not even stabilize the nominal system.
can see that the proposed controller has quite good performance and is quite effective in dealing with system uncertainties.
Zhang and Fu give several thoughtful examples about the interpretation of the guaranteed gain and phase margins for the linear quadratic regulator (LQR). In Example 2, a particular parameterization of the performance index is chosen, showing that an arbitrarily small gain margin with respect to open-loop variations can be obtained. Then a modification of the controller is claimed to solve the problem and even achieve arbitrarily large gain margins. However, this modification is incorrect. The mistake is due to an unstable pole-zero cancellation. The unstable mode is, therefore, present in the closed-loop system. A disturbance entering between the cancellation point will excite the unstable mode and make some states unbounded.
The studied system consists of two first-order systems in series
with A 1 , A 2 , B 1 , B 2 being polynomials in the differential operator.
The LQ regulator is of the form u = 0f1x1 0 f2x2 and the proposed dynamic modification can be written
with R 1 , R 2 , S 1 , S 2 being polynomials in the differential operator. The closed-loop system has a cascade control structure with an inner and outer loop. The inner loop is driven by v = 0(S2=R2)x2 according to
From the outer loop perspective, this inner closed loop is in series with the second subsystem. It is between these systems the cancellation occurs since R 1 is chosen to be equal to A 2 in the paper. For clarity, introduce a disturbance w between the inner closed loop and the second subsystem according to The closed-loop response from w to x2 is Since A2 = s (where s = d=dt) the closed loop is unstable. In the paper, the modified feedback from x 1 is S 1 =R 1 = f 1 + (s 0 1=s)Q where Q 6 = 0 modifies the original state feedback. Clearly, for all values Q 6 = 0 it follows that R1 = s = A2. Thus, the proposed modified feedback makes the system unstable even in the nominal unperturbed case.
